Analysis of naturally occurring mutations that cause seizures in rodents has advanced understanding of the molecular mechanisms underlying epilepsy. Abnormalities of I h and h channel expression have been found in many animal models of absence epilepsy. We characterized a novel spontaneous mutant mouse, apathetic (ap/ap), and identified the ap mutation as a 4 base pair insertion within the coding region of Hcn2, the gene encoding the h channel subunit 2 (HCN2). We demonstrated that Hcn2 ap mRNA is reduced by 90% compared to wild type, and the predicted truncated HCN2 ap protein is absent from the brain tissue of mice carrying the ap allele. ap/ap mice exhibited ataxia, generalized spike-wave absence seizures, and rare generalized tonicclonic seizures. ap/+ mice had a normal gait, occasional absence seizures and an increased severity of chemoconvulsant-induced seizures. These findings help elucidate basic mechanisms of absence epilepsy and suggest HCN2 may be a target for therapeutic intervention.
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Introduction
Absence epilepsy is a common generalized epilepsy syndrome of childhood and adolescence. Several familial generalized epilepsy syndromes have been mapped in humans, and in a majority of cases, the affected gene encodes a voltage-or ligand-gated ion channel (for review see Steinlein, 2004) . In addition to heritable generalized epilepsies in humans, many animal models of generalized epilepsy, including absence epilepsy, have been described. Similar to human cases, generalized epilepsy syndromes in animals (arising as either spontaneous mutations in inbred colonies (Noebels, 2006) , or resulting from targeted gene deletions (Burgess, 2006) ), have overwhelmingly involved genes encoding ion channels.
Of the spontaneous monogenic mouse epilepsy models, several of the implicated genes are also mutated in human epilepsy syndromes (Noebels, 2003) . Mouse mutations lacking a currently appreciated human counterpart are also critical for epilepsy research as they may shed light on basic mechanisms of epileptic neuronal synchronization, offer opportunities to study genetic interactions in epilepsy, and point toward genes causing epilepsy in humans.
Here we report a novel spontaneous mouse mutation, which we have named apathetic (ap). Apathetic (ap/ap) mice are ataxic and exhibit brief behavioral arrests and tonic-clonic convulsions phenotypically resembling generalized absence and tonic-clonic convulsions, respectively. EEG studies reveal frequent generalized spikewave seizures sensitive to ethosuximide, consistent with absence epilepsy. While otherwise appearing neurologically normal, a fraction of mice heterozygous for the ap allele also exhibited absence seizures, and ap/+ mice showed enhanced sensitivity to chemoconvulsive seizures. We positionally identified the mutation in the ap/ap mice as a 4 base pair insertion in the gene encoding the hyperpolarizationactivated cyclic nucleotide-gated (HCN) ion channel (h channel) subunit 2 (Hcn2). The ap mutation is predicted to introduce 41 novel amino acids and a novel stop codon that truncates the HCN2 protein within the cyclic nucleotide binding domain, but no truncated HCN2 protein was observed in mice harboring the ap allele. HCN2 was absent from the brain of ap/ap mice and reduced in ap/+ animals, but Neurobiology of Disease 33 (2009) [499] [500] [501] [502] [503] [504] [505] [506] [507] [508] 
